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Our tactile perceptual experiences occur when we interact, actively and passively,
with environmental objects and surfaces. Previous research has demonstrated that active
manual exploration enhances the tactile perception of object shape. Nevertheless, the
factors that contribute to this enhancement are not well understood. The present study
evaluated the ability of 14 older adults to discriminate curved surfaces by actively feeling
objects with a single index finger and by passively feeling objects that moved relative to
a restrained finger. The curvature discrimination thresholds obtained for passive-dynamic
touch were significantly lower than those that occurred during active-dynamic touch.
This result demonstrates that active exploratory movements of the hand and fingers do
not necessarily lead to the best curvature discrimination performance; rather,
performance was best in the current study when dynamic tactile stimulation occurred in
the absence of active movement. The results of the present study also clarify those
obtained by Norman et al. (2013), who found that active-dynamic touch was superior to
static touch -- the current findings extend this previous research and indicate that passivedynamic touch can yield performance that is even higher than what is obtained for activedynamic touch.
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Introduction
The perception of surface properties from physical contact is an essential, but
often overlooked, ability that we rely on to interact with objects in daily life. The
scientific study of the sense of touch first began in the early 19th century with the work of
eminent German physiologist E. H. Weber (Grunwald & John, 2008). Since then,
numerous psychophysical methods have been developed to test the sensitivity of touch
(for a review, see Klatzky & Lederman, 2003). These methods are used to assess the
discrimination, estimation, or identification of simple surface properties such as texture,
temperature, length, size, and shape. The shape of any smoothly-curved object can be
mathematically described in terms of the maximal and minimal curvatures of local
surface regions (Koenderink, 1990); therefore, to understand how aging affects the
perception of surface curvature is to understand how older adults perceive a fundamental
aspect of object shape.
Norman et al. (2013) evaluated the abilities of younger and older adults to
discriminate simple curved objects with convex and concave surfaces. These authors
found that older adults needed much larger magnitudes of curvature to reliably
discriminate between convex and concave surfaces when exploration was prohibited after
making contact with a stimulus object. However, when participants could sweep their
index finger back and forth across the surfaces, there was no effect of age. Other studies
of aging and shape perception have also demonstrated that older adults tend to perform as
well as younger adults when they are allowed to explore object surfaces using their hands
and fingers (Norman et al., 2006, 2011). Therefore, it seems that aging does not affect
object shape perception in situations where the handling of objects is unrestricted.
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For tasks not involving shape, our sense of touch is not so well preserved with
increases in age. For example, the ability to detect fine spatial patterns on the fingerpad
decreases by about one percent per year across the lifespan (Legge, Madison, Vaughn,
Cheong, & Miller, 2008; Stevens & Patterson, 1995). Plausible explanations for this
finding of reduced tactile acuity have implicated age-related degeneration of tactile
receptor populations (Cauna, 1965), reduced blood flow in cutaneous tissue (Stevens,
Alvarez-Reeves, Dipietro, Mack, & Green, 2003), and changes to the physical structure
of the skin (Vega-Bermudez & Johnson, 2004), but none of these potential explanations
have been experimentally supported. While the age-related decline of tactile acuity is a
topic that clearly warrants further investigation, it should be noted that previous studies
have not found any strong relation between tactile acuity and the ability to perceive the
shape of objects (Norman et al., 2006, 2011, 2013).
Gibson (1962) was one of the first to distinguish between active and passive
interactions that contribute to our tactual experience of objects and surfaces. When
something passively touches the skin, for example, this stimulation tends to elicit brief
and local patterns of tactile receptor activation. In this case, we may feel the tactile
sensations that occur when an object brushes against our skin, but yet not know (or
perceive) what that object is. However, when we use our hands and fingers to explore a
solid object, the abundant spatiotemporal tactile information generated by these
exploratory movements allows us to easily perceive its shape (Gibson, 1966). As stated in
Moberg (1958, p. 454), the hand can “see even when the subject has his eyes closed”;
that is to say, according to these researchers (Gibson, Moberg), the perception of object
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shape obtained from active manipulation is effectively equivalent to that obtained from
vision. This sense of active touch is called “haptics” (e.g., Gibson, 1966, p. 97–99).
In studies comparing the effectiveness of active and passive touch in shape
perception tasks, it is often found that performance is generally improved when active
touch is employed (e.g., Kappers & Koenderink, 1996; Lederman & Klatzky, 1987;
Norman et al., 2012). Even so, our understanding of how active touch contributes to this
enhancement remains incomplete. A few early studies attempted to dissociate the sensory
cues available during active touch using a procedure wherein geometric “cookie-cutter”
forms were applied to a participants’ palm and then systematically rotated while
maintaining contact with the skin (e.g., Cronin, 1977; Gibson, 1962; Heller & Myers,
1983). Continuously changing the orientation of the stimulus objects was intended to
provide dynamic tactile information about their shape in the absence of any additional
information gained from active manipulation.
In Gibson’s experiments (1962), on each trial participants felt one of six different
cookie-cutters from behind a curtain, and then identified its shape by referring to a
drawing that depicted all of the possible stimuli. On average, when the stimuli were
passively applied (i.e., without changing their orientation), participants correctly matched
the shape of the felt object to its drawn image on 49 percent of the trials. When stimuli
were rotated in the palm of the hand, however, this ‘passive-dynamic’ method of
application increased average matching accuracy to 72 percent correct. Despite the
significant improvement in performance that occurred with this additional dynamic tactile
stimulation, active touch was still far superior; when participants actively felt the edges of
the stimuli using the fingers of one hand, average matching accuracy was 95 percent
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correct. According to Gibson, active touch is better able to interpret the patterns of
stimulation to form our perceptions of objects because exploratory movements are – by
their very nature – purposive and self-directed (Gibson, 1962).
Two later studies (Cronin, 1977; Heller & Myers, 1983) that deserve
consideration used stimuli and procedures analogous to those used in Gibson’s (1962)
shape-matching experiments, but each study obtained quite different results. In Cronin’s
study, active touch afforded no advantage over passive-dynamic application, and yet both
of these conditions yielded performance that was superior to that obtained for standard
passive application. In contrast to the results of both Cronin (1977) and Gibson (1962),
Heller and Myers (1983) found that active touch was superior to the passive conditions,
but there was no significant difference between the performances obtained for standard
passive application and passive-dynamic application. In the context of these conflicting
findings, it should be noted that the procedures used for passive-dynamic application in
these two later studies might have differentially affected performance. Additionally,
unlike Gibson’s (1962) procedure for active touch, participants in both of these later
studies could only use the palm of their hand to actively feel the stimuli and were not
permitted to use their fingers. Notice that restricting active touch in this way defeats the
purpose of the exploratory movements emphasized by Gibson (1962). Taken together,
these early attempts to assess the role of dynamic tactile information demonstrate the
importance of applying stimulation in a consistent manner.
The past two decades have seen rapid development of technologies that enhance
our interactions with machines in real and virtual environments by providing tactile and
haptic feedback to the user (for a review, see Gallace & Spence, 2014). To be used
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effectively by human operators, these technologies must be able to produce the patterns
of stimulation that our nervous system is tuned to detect, and for this reason, it has
become increasingly necessary to study the sensory cues that are relied upon to perceive
and interact with objects. In a recent study by Wijntjes, Sato, Hayward, and Kappers
(2009), a device was constructed that could isolate and reproduce the tactile patterns of
stimulation that typically occur when a finger sweeps across the surface of a simple
curved object. To use the device, participants moved a small metal plate from side to side
with their index finger. During this translational motion, a sensor tracked the position of
the plate and a computer then adjusted its height and orientation in real time. The results
of this study revealed that curvature discrimination performance was identical across all
conditions in which the orientation of the plate was adjusted during active movement.
This finding agrees with a number of previous studies showing that curvature
discrimination performance is primarily dependent on one’s ability to detect changes in
surface orientation across different local regions of an object (Pont, Kappers, &
Koenderink, 1996, 1997, 1998, 1999). Interestingly, when only the height of the plate
was adjusted, participants needed about four times the amount of simulated curvature to
reliably discriminate virtual surfaces (Wijntjes et al., 2009). Therefore, at least for
curvature discrimination, it seems that the changes in finger height that accompany active
movement contribute little to no useful information when discriminating curvature
magnitudes smaller than ~2.5/m.
Dostmohamed and Hayward (2005) similarly evaluated the discrimination of
virtual curvature using a device that allowed dynamic adjustment of the orientation of a
metal plate. Active exploration of these virtual surfaces was accomplished by manually
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moving the plate from side to side, but in this study the entire device was mounted on a
gantry that was easily rolled in one direction on a flat tabletop. Alternately, during “semiactive” exploration, the orientation of the plate was manipulated with a computer mouse
controlled by a participant’s opposite hand. Relative to active exploration, participants
using semi-active exploration needed larger changes in surface orientation to reliably
discriminate virtually curved surfaces. The results of this study suggest that active
exploration enhances the perception of curvature.
Smith, Chapman, Donati, Fortier-Poisson, & Hayward (2009) evaluated the role
of changes in finger height during both active and passive discrimination of virtually
curved surfaces using a modifed version of the apparatus previously described. In the
initial active touch condition, participants moved the plate from side to side with the
index finger, and the height of the plate was dynamically adjusted to simulate convex,
concave, or flat surfaces. Most importantly, during active movement all height
adjustments made by the apparatus were recorded. In the subsequent condition evaluating
passive-dynamic touch, the height adjustments recorded from the first condition were represented to the index finger while the participant’s wrist and elbow were physically
restrained. In this way, the exact pattern of stimulation that occurred during active
movement was felt again without purposeful exploration. The results of this clever
experiment revealed that curvature discrimination performance was superior in the
absence of self-directed exploratory movement. These results are certainly intriguing and
represent a divergence from previous conclusions about active touch.
From this review, it is clear that further investigation was needed to clarify the
role of dynamic tactile stimulation in the discrimination of real (physically) curved
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surfaces. To date, no study has evaluated the discrimination of actual curved surfaces that
move relative to a restrained finger. The present study was undertaken to fulfill this need,
and to extend the findings of Norman et al. (2013) by having older adults discriminate the
curvature of objects by actively and passively feeling their surfaces. As in Norman et al.
(2013), participants judged whether object surfaces were concave or convex using activedynamic touch (i.e., the participants used their index fingers to freely explore the stimuli),
but in the current study a new condition was included to examine how well older adults
could discriminate surface curvature from passive-dynamic touch (i.e., the hand and
index finger of the participants were immobilized while the stimulus objects translated
underneath). The new passive-dynamic condition produced essentially the same tactile
input that occurred in the active-dynamic condition, but in the new passive condition
active exploration was precluded. This arrangement allowed us to determine whether
dynamic tactile input per se (independent of arm and wrist movement) is sufficient for
older adults to precisely discriminate surface curvature.
Method
Apparatus
A custom-built apparatus consisting of a variable-speed electric motor and slidercrank mechanism was used to control the movement of the stimuli in the passivedynamic condition. An Apple MacBook computer was used to randomly order the
presentation of the experimental stimuli and record the participants’ responses.
Experimental Stimuli
The same stimulus objects used by Pont et al. (1996, 1997, 1998, 1999), Van der
Horst, Willebrands, and Kappers (2008), and Norman et al. (2013) were used in this
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experiment; they are machine-milled polyvinyl chloride (PVC) plastic blocks (20 cm × 2
cm × ~5 cm). The blocks featured convex or concave top surface curvatures, which
ranged in magnitude from 0.2 to 2.2/m in increments of 0.4/m. Tactile gratings (JVP
Domes, Stoelting, Inc.) with groove widths ranging from 6 to 0.75 mm were used to
assess the participants’ tactile acuity. The 12 objects used in the Moberg pick-up test of
manual dexterity were the same as those used by Dellon (1981), which included the
following: washer (15 mm outside diameter, 6 mm inside diameter), wing-nut (10 mm ×
21 mm), nail (36 mm long, 2 mm diameter shaft), square nut (8 mm diameter), large hex
nut (16 mm diameter), small hex nut (8 mm diameter), safety pin (5 mm × 28 mm), paper
clip (6 mm × 30 mm), key (53 mm long, approximately 12 mm in width), dime (17 mm
diameter), nickel (21 mm diameter), and flat-head screw (18 mm long, 5 mm diameter
shaft).
Procedure
The basic procedures for the curvature discrimination task were similar to those
used by Pont et al. (1996, 1997, 1998, 1999) and Norman et al. (2013). On every trial,
participants reached underneath an opaque curtain to feel the top surface of a stimulus
block until its curvature was judged to be either convex or concave. The participants
performed this task in two conditions: (1) active-dynamic touch, and (2) passive-dynamic
touch. In the active-dynamic touch condition, the blocks remained in a fixed position
while the participants used their index finger to laterally explore their top surfaces. An
aperture was used to limit exploration to the middle 10 cm extent of the blocks. Each
participant performed both experimental conditions, in a counter-balanced order (i.e., the
touch conditions were assessed within-subjects).
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The new condition of the current study (passive-dynamic touch) employed a
procedure similar to those used by van der Horst et al. (2008) and Smith et al. (2009). As
in the active-dynamic condition, only the index finger contacted the blocks, but in this
condition the blocks moved (i.e., translated) underneath and perpendicular to the long
axis of the finger. In order to prevent active manipulation, the participants’ hand, wrist,
and arm were carefully restrained into a fixed position; the participants’ index finger
could only move up and down (to maintain contact with the block). After the
participant’s hand and arm were secured, the blocks then translated ± 5 cm relative to the
fingertip at an average rate of 10 cm per second. Under these circumstances, the index
finger passively felt the same 10 cm extent of the block that could be actively felt in the
active-dynamic condition.
The testing in each condition began with a block of trials evaluating the
participants’ ability to discriminate convex and concave curvature magnitudes of 2.2/m.
Subsequent blocks of trials evaluated discrimination of curvature magnitudes in
descending increments of 0.4/m (e.g., curvature magnitudes of 2.2, 1.8, 1.4, 1.0, 0.6, and
0.2/m). The order of presentation within a block was randomly determined, and there was
an equal probability of presenting a convex or concave stimulus on any given trial. For
each individual participant, discrimination performances above and below a d’
(Macmillan & Creelman, 1991) value of 1.35 were obtained; these two d’ values were
then used to calculate a threshold estimate (i.e., the curvature magnitude needed to
discriminate at a d’ value of 1.35) using linear interpolation. In order to reduce the total
number of trials to a manageable number, the participants initially completed blocks of
12 trials for each curvature magnitude. If a participant made 10 or more correct
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judgments, testing would begin again with a new block of trials devoted to the next
smaller curvature magnitude. If fewer than 10 of the 12 trials with a given curvature
magnitude were discriminated correctly, however, the participants would then complete a
new block of 40 trials with the current curvature magnitude, and all subsequent curvature
magnitudes would be tested with 40-trial blocks. This procedure was utilized for all
curvature magnitudes except 0.2/m (i.e., the minimum curvature magnitude of the
stimulus set), which was always tested with 40-trial blocks.
Tactile acuity was also assessed for all participants. To assess acuity, tactile
gratings were applied to the distal pad of the participants’ index finger by the
experimenter for approximately 1 second; participants judged whether the orientation of
the bars of the grating was parallel or perpendicular to the long axis of the finger. The
order of presentation (parallel vs. perpendicular) was randomly determined, and there
was an equal probability of either stimulus orientation on any given trial. The first block
of 40 trials tested each participant’s ability to discriminate the orientation of a tactile
grating with a large groove width (e.g., 4.0 to 6.0 mm, see Norman & Bartholomew,
2011; Norman et al., 2011, 2013). Subsequent blocks of 40 trials used gratings with
smaller and smaller groove widths (e.g., 3, 2, 1.5, 1.2, & 1.0 mm) until a participant’s
discrimination performance dropped below a d’ value of 1.35. Threshold estimates for
tactile grating orientation discrimination were then calculated in the same manner (linear
interpolation) as described for surface curvature discrimination.
Given the prevalence of arthritis among older adults in the United States (see
Hootman & Helmick, 2006), it was decided to evaluate the participants’ manual
dexterity. The participants completed a modified version of the Moberg pick-up test to
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evaluate manual dexterity (Dellon, 1981; Desrosiers, Hébert, Bravo, & Dutil, 1996;
Moberg, 1958). In this task, the participants picked up 12 small metal objects (see Dellon,
1981) and placed them inside a container as rapidly as possible, and the cumulative time
required to place the objects in the container was recorded. People with no substantial
deficits in manual dexterity can perform this task well without seeing the objects. The
participants performed this picking-up task with and without vision, and the difference in
the recorded times was their score on the test. This test was performed twice, with the
smaller of the two scores serving as the measure of manual dexterity included in the
analysis.
Participants
Fourteen older adults (seven male and seven female; M = 71.4 years of age, SD =
4.9, range = 67 to 80 years) participated in the study. All participants were recruited from
south-central Kentucky. Three of the participants in the current study also participated in
the previous Experiment 1 of Norman et al. (2013), in which they performed the
curvature discrimination task using static-touch (i.e., they were not permitted to actively
explore the stimulus blocks). All participants were naïve regarding the purpose of the
current study. A financial incentive of ten dollars was offered to compensate participants
for their time and effort. The study was undertaken with the approval of the Institutional
Review Board of Western Kentucky University (see Appendix), and each participant
signed an informed consent document prior to testing.
Results
As can be seen by examining Figures 1 and 2, curvature discrimination thresholds
for the active-dynamic touch condition (M = .749/m, SD = .409) were higher than the
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thresholds obtained for the passive-dynamic touch condition (M = .414/m, SD = .244).
This difference between the touch conditions was significant according to a nonparametric test (Wilcoxon signed ranks test, T = 9, N = 13, p = .008, two-tailed; see
Siegel & Castellan Jr., 1988; Wilcoxon, 1945). These results indicate that when activedynamic touch was used, 81 percent more curvature was required to reliably discriminate
(i.e., with a d’ of 1.35) convex from concave surface shapes compared to when passivedynamic touch was used. On average, the active-dynamic curvature discrimination
thresholds of the 14 older participants in the current study (M = .749/m, SEM = .109) and
those of the 7 older participants in the previous study (M = .587/m, SEM = .104) were not
significantly different (t(19) = 0.9, p = .43). The current results, therefore, for activedynamic curvature discrimination were similar to those of Norman et al. (2013).
Curvature discrimination thresholds obtained in the current study for each touch
condition are depicted in Figure 3 along with those obtained by Norman et al. (2013) for
the static touch condition.
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Figure 1. Average curvature discrimination thresholds are plotted separately for each
touch condition. Error bars represent ± 1 SE.
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Figure 2. Passive-dynamic curvature discrimination thresholds are plotted as a function
of the active-dynamic curvature discrimination thresholds for each participant.

14

Figure 3. Average curvature discrimination thresholds obtained in the current study
plotted with the static curvature discrimination thresholds obtained by Norman et al.
(2013). Error bars represent ± 1 SE.
To evaluate the potential role of tactile acuity in curvature discrimination
performance, the participants’ grating orientation discrimination thresholds were
separately correlated with their active-dynamic (r = –.025, r2 = .0006, p = .93) and
passive-dynamic (r = –.08, r2 = .0064, p = .79) curvature discrimination thresholds. As in
Norman et al. (2013), tactile acuity was unrelated to curvature discrimination
performance. Performance measures for the Moberg pick-up test of manual dexterity
were also separately correlated with the participants’ active-dynamic (r = .43, r2 = .18, p
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= .13) and passive-dynamic (r = .19, r2 = .036, p = .52) curvature discrimination
thresholds. Although the correlations between manual dexterity and surface curvature
discrimination performance were numerically higher than those between tactile acuity
and curvature discrimination performance, they were not statistically significant.
Discussion
In everyday situations, we can obtain information about felt objects either by
moving our hands and fingers to actively explore the surface of an object, or by passively
feeling a moving object contacting our skin. As in Norman et al. (2013), the present study
has shown that older adults can discriminate curvature by actively exploring an object’s
surface with their finger, but interestingly, these participants performed better when
movements of their hand, wrist, and arm were restricted. The present study is therefore
the first to replicate the findings of Smith et al. (2009) with real objects. Contrary to
earlier interpretations (e.g., Dostmohamed & Hayward, 2005; Lederman & Klatzky,
1987; Loomis & Lederman, 1986), the current results demonstrate that accurate
discrimination of shape does not necessarily require active exploration. Furthermore, it is
now evident that dynamic tactile input generated by relative movement of object and
finger is an excellent source of information about surface curvature. The extremely small
curvature magnitudes that were reliably discriminated by older adults in the current
passive-dynamic condition (M = .414/m) are far below the thresholds observed for
discrimination of virtual surfaces defined by changes in vertical height (see Wijntjes et
al., 2009). Consequently, it is almost certain that dynamic tactile input was the only
source of information available during near-threshold trials. Taken together, these results
show very clearly that the good dynamic curvature discrimination performance of older
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participants in the study by Norman et al. (2013) was due to the availability of dynamic
tactile stimulation, and not to active exploratory touch per se.
A few early studies attempted to test shape perception under conditions in which
dynamic tactile input was dissociated from active manipulation (Cronin, 1977; Gibson,
1962; Heller & Myers, 1983); as was made clear in the introduction, they did not obtain
consistent results. It is important to consider that in these previous studies, the stimuli
were passively applied and then dynamically reoriented by the experimenter. The patterns
of dynamic tactile stimulation felt by participants, therefore, must have varied with the
movements of the individual experimenter who applied each stimulus. In contrast, the
procedures used for the passive-dynamic curvature discrimination task in the current
study assured that the participants’ finger was stimulated in a consistent way each time. It
seems reasonable to conclude that the lack of agreement between these previous studies
and the current study is related to how the stimuli were moved relative to the skin.
Although the results of the current study certainly help to clarify these past findings, it is
also clear that the geometric “cookie-cutter” forms felt by the participants in the early
studies are very different from the simple curved objects (circular arcs) used in the
current experiment.
Previous research has consistently shown that for both static and dynamic touch,
curvature discrimination performance is primarily dependent on one’s ability to detect
changes in surface orientation across different local regions of an object (Dostmohamed
& Hayward, 2005; Pont et al., 1996, 1997, 1998, 1999; Wijntjes et al., 2009). Given that
the discrimination thresholds obtained for passive-dynamic touch were significantly
lower than those obtained for active-dynamic touch, local surface orientation was
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apparently better detected from passive-dynamic stimulation of the fingerpad (when the
hand, wrist, and arm were restrained). Because curvature discrimination performance was
much improved when arm and hand movements were eliminated, the current results also
suggest that such movements may be detrimental when trying to detect very small
differences in surface curvature.
Phillip Davidson first advanced the notion that active movement might actually
interfere with haptic curvature perception in his 1972 study investigating exploration
methods used by blind and sighted people to perceive curved surfaces. He noted that the
method of exploration that led to the poorest performance was to use one or two fingers
to sweep horizontally across the surface, which closely resembles the method of
exploration used in the current study (and others) for active curvature discrimination
(Norman et al., 2013; Pont et al., 1998, 1999). Davidson (1972) specifically suggested
that interference might have occurred when the path of the moving arm coincided with
the curvature of the felt surface; that is, when the movement of the arm was most likely to
“obscure” the curvature of the stimulus (p. 52). Further support for Davidson’s idea that
arm movements may interfere with haptic curvature discrimination can be found in an
article published by Gordon and Morison (1982). Based on their analysis of stimuli used
in three earlier studies of haptic curvature perception, Gordon and Morison concluded
that “the perception of curvature is most sensitive when scanning movements are small
and do not involve movement of the forearm” (p. 450).
While passive-dynamic touch produced the best performance in the current study,
one can see from an examination of Figure 3 that active-dynamic performance was still
far superior to the static performance obtained by Norman et al. (2013). In light of the
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reviewed literature, it would seem that the paucity of dynamic tactile input during static
touch made the task much more challenging, and that performance markedly improved
(i.e., thresholds decreased) during active touch because dynamic tactile input was
abundantly available. It is also apparent, however, that an additional consequence of
active touch was interference generated by exploratory movements. Accordingly, when
active exploration was precluded in the passive-dynamic condition, performance
improved still further. The most parsimonious interpretation of these results, therefore, is
to conclude that precise curvature discrimination depends on dynamic tactile input that is
unhindered by active exploratory movement.
As noted in the introduction, it has often been found that performance is generally
improved when active touch is employed (e.g., Dostmohamed & Hayward, 2005;
Kappers & Koenderink, 1996; Lederman & Klatzky, 1987; Norman et al., 2012). These
findings have been interpreted to demonstrate the superior capacity of active touch to
obtain information about object shape, but more recently, this has been called into
question. For example, according to van der Horst et al. (2008), evidence that passivedynamic tactile stimulation to the finger of one hand can bias curvature discrimination by
the other hand indicates that self-generated movement is not required to generate a high
level representation of curvature in the brain. It is also notable that much evidence has
accumulated revealing that sensory inputs are inhibited during exploratory movements
(e.g., Chapman, 1994; Chapman, Jiang, & Lamarre, 1988; Seki, Perlmutter, & Fetz,
2003).
Exactly how movements of the hand, wrist, and arm might interfere with the task
of discriminating small differences in the curvature of surfaces is not presently known;
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however, some of the participants in the active-dynamic condition made observations
during the task that have been both helpful and informative. For certain active-dynamic
trials utilizing curvature magnitudes approaching their individual thresholds, these
participants sometimes stated that the current stimulus did not feel like a perfectly convex
or concave surface. Instead, it felt both convex and concave. That is, on some (but not
all) trials in the active-dynamic condition, the stimulus was apparently misperceived as a
sinusoidal-like surface. If in fact our participants were experiencing a haptic illusion in
the active-dynamic condition, this misperception would obviously make curvature
discrimination more difficult. The presence of this illusion could potentially account for
the difference in thresholds obtained for the active-dynamic and passive-dynamic
conditions. In order to verify these reports, the author and three others performed the
curvature discrimination task, and in each case the same illusion described by our
participants was sometimes observed during active-dynamic, but not passive-dynamic
touch.
There is an extensive literature documenting a great variety of tactile and haptic
illusions that have arisen in laboratory experiments (for a review, see Lederman & Jones,
2011). Especially relevant to the current study are those haptic illusions in which vertical
lengths are consistently overestimated relative to horizontal lengths of the same extent.
This vertical-horizontal illusion has been demonstrated with curved stimuli, and its
robustness is known to depend on radial scanning motions with a single hand positioned
at the body midline (Heller et al., 2008, 2010). In Experiment 7 of Heller et al. (2008),
participants used the index finger of one hand to trace the top surfaces of circular raised
lines and were asked to draw their perceived shapes (see their Figure 6). Most notably,
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several of these reproductions closely resemble the sinusoidal shapes reported by our
participants during active-dynamic curvature discrimination.
In summary, the current study provides compelling evidence that for older adults,
the reliable discrimination of convex and concave surfaces depends primarily upon
information that occurs during dynamic tactile stimulation. Accurate curvature
discrimination (i.e., low thresholds) does not require active exploratory movements. The
best possible performance occurs for situations where curved surfaces translate
underneath a restrained finger.
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